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ABSTRACT : PROBLEM TO BE SOLVED: To provide a high tensile strength steel excellent in 

toughness in an extra large heat input weld heat-affected zone even in the case of a heat 
input of >200 kJ/cm, e.g. about 1 500 kJ/cm. 

SOLUTION: An oxide (A) of 0.2-5.0 grain size, where the proportions of the elements 
(excluding O) constituting an oxide satisfy, by atom, (Ti+Mg+ Al)>80%, Ti>20%, 
Mg>30%, and Al<40%, is contained by (10 to 500) pieces/mm 2 . Further, an 
oxide(B)-TiN composite grain 3 of a size of 0.05-2.0 jam, where an oxide (B) 2 of 0.005 to 
0.1 |im grain size in which the proportions of the elements (excluding 0) constituting an 
oxide satisfy, by atom, (Al+Mg)>95% and Mg>30% is used as a nucleus and a TiN 1 is 
present in the periphery of the oxide (B) 2, is contained. Moreover, respective weight 
percentages of C, Si, Mn, P, S, Mg, Al, O, Ti, N, Cu, Ni, Cr, Mo, Nb, V, and B are 
specified. 
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ht. m&£m.TZitz><7>x'i&&L<*c<*\ iff 

t U >KfM% ( A ) ^flSgcfi 1 WnmJbfc 0 1 0 — 5 
0 0flT'&&. 

[ o o 4 o ] «r em ( a ) mmtmmnti&biz 

MA. EPMA) iZX imWLWgwlW-JjmmCOffiftZ 

ffw Mimzftfc-ttiiix \,\ mz, m^om\t^ 
m&jtmnw^xzs^. iMimum <a> comtftrnm 
izfo&mimcomm.zti'yy h-ri>„ § ^tza^c«. 
c m a h h ^tiE p MA-citjt Ltcm* rmitmiz-o^ 

X . ED X#*<^) S E M(2i OKfk^ffllS^^ffi- tr 



L.fcv**>r , S)J5Effl-9- yr/i-iistji. § t ^imif h a z 

[004 1 ] *«BHIiJJE<0i«t!ft (A) Sr«fc-r*tt 
rt7i70 SW&iftfc: A 0 , »fcJB*7Jft» t^H A Z 
«5 ^offl^£-w(LLr HAZ?M«ra±^ni, t»<o 

H A Zm&£ ^ i t if X'% h . 
[0042] rfi^MctiS-ft^ftit 

s*^ g-fb^tfo^-c^ mi>mmz ! £mx'$> & t zh&t 
i N"ci> i 3 5 o nm±tz^mum s i i § t , at/^ 

C7) R E M h S^iCa ISi t«S ( IS ■ t iStS ) T' 

iz axt> mum z m<^ izmm-ftwi. z^z, z. t im#>x® 
mx'$>&. 

[0043] *mmui&mcr>m(tmz^^xftmk 

4 -Cffffi L . iiUf^cOilcf lz C ®,4ffl^r 4 4 X*ms-?& Z. 

k tfxz hzt zmi Liz. z<7)Xo jfirttasr^r-r 

(Al+Mg) a 9 5%. 
MgS30% 

<^>«!fflfc*S. A 1 tMgR CDgkft?t$:ffiR.-tixlfZ 
tl$>7umWUZ. Ca. Mn, R E M^E*Cp^r«Wt: . 

i)t < ammffHz&mt i.*bx 1 4 ^ . c o«JWrt"c± 

^MSrtOiiMsO&it/MgA 1 2 0 4 (iilf*. ^t°^ 

^fcnf^) -e*&. iKUfioa^^^ ( b ) <r>?mx* 

&H.lfWfflttWi.iMmX'h&1bK M s Ofci^t^ 
t'{4T i N^SJBtC#fajtT«^a?S'»lS'r*7t«)K 

HAzco r m } ®jzimmzmzwm%ttmzm-t&. -t 

%io-h . Z ix h (Vmtt.®erMfkm±m% 1 1 iz&fi&x 
fi^^Btii*^. 4. 21. S. OS^y/xh 

t&^mi44. 2 4*>yxVz3-J±Xh&* M^X, 
TiNl:Mtl»^$^7-(7hli#<r0. 7%. 5% 

tot, t i tM}<MmLx^hm*izztiL>M 
lx v itux wm%<7)'&t$im.h % t mzmw. 
comMmi&mz&^x^izT i Ntfzti^mit'fai.iz 
m&X'% % . zix^mmb t i Ncoa^^<«4»^ 

^?£LTV^ii{f. 1f{;S±AMj§f#HAZtfc^Tl 3 

5 ox;KLhT<o»9K!fia* l ii< (W^if, 1 otwa±, 

1 0 0#^S-Ci> ) T l> ZtLhU^^Zi. h V>±*bft 
miz X 9 r aa*^kS:S6*Wtcjqi«lf-S C 4: ^t'# 4 . 
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WBB¥ 1 1 -2 79 6 S 4 



(A 1 +Mg ) S 9 5%'. 
Mg : 3 0—4 0% 

[0044] B«(c. BHLtt&fltfiR-rSTnSt <fc*£LO 
Mg : 9 5%J;JLh 

"Sriffjg. LTttflif. C<7.)Kft^ ( B 2 fc -ft ) fc&HRtt 
(CM sOtm l%}M$:?mi-Z> . 
[0045] § ±aaiMfeffli ( B ) WKHffcii 

(f . v >,bt<J> & ^«SE±J«tf5fHirt: ct 0 M g O h h t >li 

t0046]i2t. mm ( B ) -T i N:R£tt?0 

ff^J.Srm^tc^-r, BHttfej (B) iOfi^-fKi, Htjafc: 

o (z. mm ( B ) 2 *>itffiT* 0 . K-ffcfft 
(B)-Ti N^f5^3^)^:#$(±1g^^<7)Sia<7) 

=?t lxcwj ximiVto ( b ) mmm-kJ: *)i>±% 
*) ~. -tommy l TjBbcAiR»»H a z<7)r*m%>hi*! 

<~th^b ifiX't* h . , T i N#«tT'(i 1 3 5 0*C 
lSLhK:*eBH»9i-* £::*:gl5#<7)T i Nl±?§fi?LT L i 
5 £\ M g O h& V >tix b-^U-±tcflfaj L 3t T i N 

m&cDUmiiT-WX'fo&tfK ztit>ffltHabT i Ntofg 
: ?^^ffi46Tjff<. cn^lgftf^'T i N^^-ftL 
Tir*&&afc:^^&|£9-;e.-Ot&. 13 50 

'cixtx-mthx-gmmvm § n/nf . z h t> mm 

(B) fcWttJt^Ti Nfcfri;t£rt>£<;ft<HMI LT Li 
1££ LT^^^lSftifSj (B) g*(i:SI^-r-5i 

fc^asrc**. m^x. m#>xmv^fmfmkftx- 
umm ( b > mk?rwm%mu\-f&imz?mt&tz 
£>iz, h a zcor tmmmi zsmx-z st^w 

[0047] S£ft*fcJ ( B ) 0 . 

0 0 5-0. l^rntcRS^L/i. 0. 0 0 5 ;um5fcj?fT' 
(i'T i N^#tb^'Lil<^:^±(CHAZc7)S!iMI^-<:'T i 
N« L^±§#c7)^^ifll$lj^^-^ < . 

o.i// m j@-c«e^»s-siR-r * ^ t tfmmt =& & . 

iJfc. SHMij ( B ) -T i N^ft^cO-'MX^O . 0 
5 — 2. 0/*m<0Kffli:L/£. 0. 0 5umjmX'Mr 
«ajR««i«3»m**^<5:4. 2. O^mjgtii 

ffittswe< =5r-s». warn ( b ) -t i Nu^s^jff* 

[ o o 4 s ] mmmm ( b > svigft^ < b ) -t 

1 nis^*^(±. mwLX'i>mm®<r>H Azx't^nmm 



mmm lt-&& t^t <i>n40T, h a z t&< 
%m$tu> , RMi^n ( b ) atfiBHisiii ( b > -TiNt 

[0049] *?m<7)mm) ( b > »±b»t«wc*4 

«t. luie^TEMOfg^ti 27T—2 OTimX'&tb&Z 
ttmt b\>\ £tc. Mit®) ( B ) -T i Nl^Sf 
{±. BUlfiT E M<7>mmt LT 1 7?- 5 TJfST'MWSS^ 

izx i o mmmmwm l . -e^)T e m^k* 1 ^>^^ 

XlZi&i*Li>m%.2iih®iX'i*%:^tf. miicoi 0ffl» 
SKS1fEL/iffiSF4"tc'C 1 . 0 x 1 0*~ 1 . 0 x 1 0 7 
II,/ m m 2 -ff-Tt-t Sit 4 L I '> , 1 . 0 X 1 0 4 fl/ 

m m 2 mnxn r ®.&mmffigkiztf ^o^^^l^.** 

Stfih 0 o & L< ^cw» e . l . 0 x l o 7 

ffl/m m 2 sSST'fi . ^^it^JS^IST^ M 

[0050] mtzwr e m ( mm 2 77— 2 0 77* > -ca 

WS9te>PttB*S&.&b iX'&T'&ZWiib&Z b i>X'% h , 
BMfcW ( B ) -T i N^fi^£0^C# $i±T»SB<0TEM 

^^Eoitfbtl ( B ) -T i NS^ftd 1 *3t« 
d2^*a6iUi'J;V\ 

[005 1 ] tt«&l»Ulil ( B ) LT 

T i N*^tilL/o#5E-9--f X<7)S^Wi 

4 i i: 2r^l&BJ# b#mtt\z%& LTtftimiftz i, <7)X* 

foh.n wmim (b > zwib LTwm-rntfj:^ 
cdt\ MitTi Njii^t«j ( b ) zm±izmod&m 
t&tcw m2<7)m(m ( b > -ti Nti-^fa-f-tfo^.t 

% ( B ) offiST-ISiJ-WtT i N*Rfi=fcLT i J:u. 

[0052] ±fBO J: ^ s3r-*?->f X£ J: 
4 I ^gc$li:-S.^(c:(iMg. Al, O t Ti. N^fr 
*?rTIB<7)i; 0(^5E-t4 ^ i: A^'Mi L^. 

[0053] MgiiK-ftft ( A ) ( B ) ^ 

mz&mcimx'hz, « 0. ooo2%*iti»jr 
BMt«j ( a ) mmum ( b ) ^^#4 <r b ax-z ^\ 

0.005 %^T'ii«^M g **BHHMi'£jft LTDJ 
tt • m&£&T2-£2>i£$W$>*) oh. ta!^TMgc7)ig 
ffl^O. 0002-0. 005%hL*:. Lj3 j L. %tk 
=5rM g ^WRfbftSrJWW L . Kft^^MIBT-iaie^-tc 
*IW-&fc«>K:li0. 00 1 5 — 0. 004%i:-ri>c 
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[00 54] A 1 (iT i . M g X *) &IKiS:tJj& s 3S»r >7C« 

t* o . o . o i %jg^-r^> t r./i-s i-±.it^miim 
jwiftiu BKtiu (A) xtfRffct* ( b ) o4jfc& j jnw 

Sil*. ttoT, A 1 *««±R*0 . 0 196b L 
3t. I»W(CA 1 4 ifcUBWrc** 

TRfc 0 . 000 2%i Ufc. sfcfc. iMfcft 

T i t Mg<7)27Z&<7)m\k%l£ OCTi, Mg, A 1 0) 
37t%>M\t%l<?>& 5 *Wi L A 1 £ 
0. 0005—0. 0 0 5%-fr3rf-££fc;6*a&LV). 

[0055] otiBMfcfti ( a ) mm\m ( b > (ooejsl 
iz<&m<7>7umx'fo&« o . ooo 59£fcts-?&&£$& 
^fst&ftft z. b jat-# *v%. o . oos %mTim±m 

ft. MoTO^iEH^O .000 5 — 0 . 008%}; L- 
dMR-TSfciWCttO. 0015 — 0. 0 0 5%fc-fftc: 
[0056] Ti {IT i N£|£lC^<D7CST'&ft . 

o.oo 5%^mx-nmitm < b > ±*>t i nwhi*# 

^+#T'£>9. 0.02 5.%*rtii.§t ffl±^rT i N#* 
£j£iT- ft fcAfcHtt SrffiiT £ -tf: ft WiStffo 0 3 ft . 
T, TitSiJO. 0 0 5 — 0. 0 2 5%b Lfc. L 
#U a*SrT i NfcftifBIU T i N£«Hrctt»*&- 
tc^Urf ft fcfttttO. 0 15 %JTF kt^^t^Si 

[0057] N t> T i N^jftfcifiMKOT*C*6 . 0 . 
0 0 2%*ItttT i NflrttJ^Wiil.. 0. 0 0 
8%MT\mJzT i N££<&lTf»e£frF£-tf-fti§-£ 
#25 0 "5ft. fct. NOiSSI^O. 002 — 0. 00 
8%b Lfc. L*»U m*&T i N£WfflU TiN^ 

fflmx*mm—<,zjt®.i-&tzfrizii o . o o 6 %y.Tt 
-fi^fc^ai t i cmtaizxhnmmT 

£fm-t&tz#>tz, Ti/NJt£3. 4 ElTfc 

[0058] 4fc N HAZUffi^-Xf t4 hSEIfi 
itbmmmtmitf-zlfT* < . ^tcSKJ: < 
SML-f ft. 4?t, *»<?5anRSB«<03tAtct»3ffiE*-^ 

[0059] c&m%i<?mm$:±&X'% zjcmx-hh. 
o.o4 xfrmx-itrntwcrmmm t>n%ucr>x* 

0. 0 4%£TI&ffii: Ltz. mzc^^<^-th b . 

tttt ■ HAZtf>»tt«rfiTS-«rS. 0. 2%£j@;ift*: 

S*J- HAZSH4$r$^^rB]±$-y:i>^(c*i. 
0. 04-0. 1 5%b-tZ>Z.bfi*W.2. L\,\ 

[0060] s i im$t&m±.mz?m%7cmx'h2> . 

0.02 «*»-C**i £ £>ii& v *D"CTM * 



0. 0 2%a^ ) ll;.. o. s&HMrfrr&t. HA 

^ftLTt«ttl»I±l4»^lS:^. ^t, ±R£:0. 5 
SSfcLfc. «r*S. HAZBftJ|tl±t4!t>!)tttO. 3 

[0061] m nimtt?mm±mz^$)%:7tmx\b 

ft, 0. 6%*}St1d;^.W/ff^ii^^^TTRR-fI 
£0. 6%kLfc. ffltC. 2. 0%j@£*tafc$ttfl£ 

[0062] pimnrnttz i>rct> u fmtzum&jt 
*c**>. i&miotfisi&v^. o. 0 2%&-&&-t& 
fcWttKTawfcSrttfvc. o. 0 2%^±Rgt-r 

ft, L*»U #*f • HAZfUttS:S6{cr*I±$-a:Sfe46 
£ti 0.01 %J3lTt -Tft - fc L A\ 
[0063] Sli#gM n S L . «D?^[*]^^Mt 

SHKTS-eft. o. 0 2%®osfr-Mr*-4k«awn*r 

Wtttf>«T0W* 4: ft W. ±Hf« $■ 0 . 0 2 % fc t 
tz, L*»L. W- HAZf314Sr$^.tl6]Ji$-frft^ 
fctiO. 0 l%JMTfc-rft-fc#S4Lv\ BHb 
» ( A ) *» 4>^)»rt 7 x 5 •< hSQWJt . <r «1l!±{i 
M n SA^£tJ-rftfc{g)i$ilft. C<7)J; f^K.^^ S 

30BlEj*03t«6fc: 0 . 0 0 3 b^hZ.bifift&L 

[0 064] $^>fc. «**»BLh#tc»flkOJb*»R* 

[ 0 0 6 5 ] C u lA«tt&S±#K^&7cS5t* 0 . 

#t , mmmmiz ± o m«c u s sr waj § ^ft -r 1 1 

•fcO^L^SS^Ji^A^^ft. 0. 0 5%*Itli® 
«±#*«»4>ft.?5flr^T. 0. 0 5«SrTPR«i:Ufe. 

1. 5%Mf|, >ft«ff1>H AZ«^g| 
^h^ft<7)T'±|iB(fi^ 1 . 5%tL^r, L#L. MSmt 
RVHAZm&Z2h{Zft±£-£&fz#>lZliim.(DC u 

mrt-rft;fc#s4 lv>, 

[0066] Ni «iMA^tt^±#$-frft^ t(C J: 0« 
tt^S±#tllS^fL, $4>lc, !81x£ft±£-tirft. 
0.05 %*?Ht'(i:«!:ii4»o^a#f#^ii^v^T-T(5S 
ffiSrO. 0 5%tLt. JBtr. 2. 0%m-£3ii-&bM 
TJl&tffi < & D -f H A Z«Mfcffi»££l£ l^-t < 
^rO, HAZlSS^iST^-yrft. iot^ ±(5gffl^2. 

o%at. u#t. HAz<o«-ffctt^wir»«Hxi: 

HAZfgtt£|fa±£-£ft*:#>fclil . 5%^Ti:-rft<r 

[ 0 0 6 7 ] C r {i##&S±#£^S£^rtft . 0 . 
0 2%*p-C{i^tOS6m##^il^^c7)-C'T[51(l^ 0 . 
02%tL7tr, j£tC, 1. 0%M^ffti:HAZlCiBS 

fl^ffl.a*±«f4 ^t- . h a zmmtfiffimt lx&ha 

Z©1±^ffiT$-ti-ft. fot. iKifir 1 . 0%b L 
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fc , I Ls HA Z <7>S£fL1± 5r Pi. T tHAZ #J 
tt*$ ^>fc:iHl±S-fr«.3ty>tcU0 . 5%tJ.Th^--&Ci: 
#Hi LV », 

[0068] Mo(l«Haue±#tSWRS:*-r4. o. 

0 2 % > L-jt . £ iZ . 1 . 0 hbHAZ izm 
■imm Sr ifjJc-f *fc*> % H A Z «§a* 5 'm*ffl ft LttH A 
ZWtt^fiTS-li-*. t£o*C, ±RRtt£ 1 . 0%i: L 
fc. L//>U HAZtDS ■fbtt^Jtp^rJSSKtkHAZIll 

[0069] n b \mtt<?mm.±.&& xi/umfctznM 
^jfMX'fo s . o . 005 %5fais-t'f ix h mhmm 
&*i&vw?TMfr o . o o 5%t itz« mz. o . 

0 5 %m^-fh tHAZ (ctJJt h N b ffl 
tiWm b % 0 , H A Z ffiNb&ifSWft; LTtHAZ « tfeflS 
T#¥ I <^S„ ftoT - _bR5r(|gSr 0 . 0 5%t Lfc. 
UpU iS^MSft^WtB'&WJL, HAZSfl'|±££ 
&tci*]±3-&&£tf>&M:0 . 0 2%J3lTfc"*-*ii: 

[0070] Vti^««03*«±#tJ«tl/»mtC*3Wr 

1. o . 005 %5k}H-eii i tx t> <?mmm h 

ft*V*tf>"CTRtt&0. 0 0 5%£ Lfc. Stfc. 0. 1 

%&ktth t h a z tcfe ft & iiiff itwseyffi mtmm t 

=5r 0 . H A z ttMbbtfStaHt LtfeHAZ tJttfflsT*** L 
<3r£. 6£->T. ±RRfitSrO. l%fcLfc. L*»U & 
AajftSMUi^ffl£fliiHU HAZ?j51±£$ ^>(ci«g±$ 

[ 0 0'7 l ] BtiM^fflfcit^^AixSfeSiiaS-M-r^ 

^fc»t:wiftauth»<^*frifi»r*. o. ooo 

RHUS- 0 . 0 0 0 4 % t Lfc, ^tc . 0.004 
W"f «. ffi*=5r B -ft^Sr Ur £fc LT 

BEWwfijftfcjar&3t«>t:. HAzmmfiwmtLx i>® 

L*>U jflSE<OUSS-ftUliWtlJ*|CPSiJL. HAZ$3tt 
&$6cm±S-fr4fc«)K:tiO. 0 0 2%aT.k~t$>^ 

[00 7 2] CaR^REMIi ftft5Hl£&j£*-« £ t 

k i o n s <o£j££«iiw l . mtttommzmcrm 

tt. ftfdt^-X^T-ttfcBaM-*.. Ca, REMSr 
fctfcO. 0005%*ltli» d^S3b*#^it^V> 
OT\ TKtt^O. 000 5%i:U>;. jfit;, 0. 0 0 
3 %Mtt-t% b . C a&tf R E MOB f »^DD L . 
i&ffcft ( A ) SlXKKk^ ( B ) <r>fflm i ffi&Tt&„ $£o 
X. Ca&lXREM?)±|5g£0. QOSXbLtz* Ca 



(A ) &l/TRfl3fc ( B ) SrSMB-caar^— t^MR-T §7t 
MXCtiC a .h R E M^#^«f>^ftSr 0 . 0 0 1 5?..W. 

[0073] tttmtzx&mmi&isL (fd ftas^ i 
( h a z > tcfc{t& . si*i7x5 < warn 
mb rmtmmnzx zmmimz. n±x^mmm> 

0 T-^r < ±*MW m ( if 1 0 0 — 2 0 0 k J / 

[0074] §@^}ISi^{.i. jSM^iift^ 1 

6 5 O'CUXTb L . tSJHoaiKSr 0 . 0 10 %ti.Ti; L- 
^■•ttftJT-. . jSi<7)T i ^>Sl^iT i #*-^2r^ 

mm.c)A i srg^n-rs, bhi^hi (a) iwimm^^mm 
WLmmzmmiz^tti, i . ^ tubMmucBts -r ■& , mm 

4»£>M->ff SSditttZlMbHl ( A ) iiCM nS, TiN 

( a > izitKx&mfi&m Wkx'h o .^isti isisu^ 
&<7.)tf!tmmt l zt5\,->xm3izfF^ idfciwttt (b> s- 

ITT i N^flfffi LT. l§fb#J ( B ) T i Nj^ 

wiwca i ^«!4'fc:«A-r-& ^bm>h if. mm 
( a ) .avisfc^ ( b ) comm-it^m^b lta i 

****fc«>t:tt. ±l5^JHI^TMIg*tT 3it //MS 
X'h *) . wwca i*^A-rs^tT'(i:«r/i^>sift; 

[0075] iH^Mit^^ii. ±Etf>BWB*l ( A ) S.^ 
BMfctt < B > -T i Na^e^/fflfr^JHftt-rittfJ:^ 

b ztx&mmbmmzfc ttitUEtMj: $ ^ 
*9tm0mtBK. mm. mm. mm. ^m. mm 
(fmmm. wsm&) . mmmmmm^b'<ommzm 

[0076] 

L . 34i!«|jttC J; # 2 4 0m rn^^. 5 7' 
SrMJtt^. *Hc«tW^>ft*:|jt*«rSH-. HAZStt 

l2-f^3t«>(c. iK3f|5f-^>fb^^T'A 1 . n, T i . 
[0077] 

imi ] 



worv^mrv ^ to 



<11 T70CO it A I ^ 



( 1 0 ) 



WBIT 1 1 - 2 7 9 6 S 4 



s 



s 



S3 



5J 



SI 



SI 



9E 



ft 
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JtUS. «JWi4 0— SOmmtLfc. 
[0078] 
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j*l)5l3BSt»Jt:l/4t-L*|^ 



( a ) *Wft(£ 3S0A. ffiJE(i4 6 V . jSSti 1 - 1 
4 c m/#fc Lfc. 2 0k J/cm?W. [5] 

Htc^t- J: 3 fc. iff&K&ll ( F L) idXX/F L*»6 3 

0 iS L W&aT-Wtt^Wl Ufc. * . 3 5 m 

. ?Mfr2 OOk J/cm(?)ll/; h u# 
xjgjg ( b ) tSlttLfc. 1 OA. m.m±3 5 
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